-Material and Methods
The work was carried out between May 2015 and January 2019, totalizing approximately 1 4 2 120 days of fieldwork in 44 sites of 30 counties in the Atlantic Forest biome, in RJ as well as human malaria cases as well as alerts of an information network built with key institutions, 1 4 7 inhabitants, health agents and environmental guards to continuously monitoring the presence of 1 4 8 howler monkeys, as previously described [23] . The expeditions consisted of ten-days surveys in the forests conducted by 2 -6 trained 1 5 1 people in target areas for the search of NHPs. The capture method was chosen according to NHP 1 5 2 species, behavior and size [24] . Briefly, smallest and frugivorous species such as marmosets 1 5 3 (genus Callithrix), lion tamarin (Leontopithecus), and capuchins (Sapajus) were trapped using 1 5 4 banana baited automatic tomahawk traps [25] . Largest species presenting folivores and 1 5 5 acrodendrophilic habits such as howlers (Alouatta) and woolly spider monkey (Brachyteles), or 1 7 2 ssrRNA P. malariae and P. falciparum genes, as previously described [30, 31] . P. vivax-positive 1 7 3 samples were submitted to P. simium differential diagnosis based on a mitochondrial SNP 1 7 4 [2, 10] . The molecular diagnosis was performed by Nested-PCR of coxI gene fragment and 1 7 5 subsequent enzymatic digestion, using primers and protocol previously described [10] . All the 1 7 6 PCR products were visualized under UV light after electrophoresis on 2% agarose gels. In total, 146 animals belonging to six species from 30 counties in four Brazilian states 1 9 7 were examined (S1 Table, Fig.1 ), being 130 by microscopy and PCR in blood samples, seven by 1 9 8 microscopy and PCR in blood samples and histopathology of spleen fragments, and nine by PCR of viscera and histopathology of spleen fragments. circle means one NHP examined. The map was prepared using free software QGIS 2.18. Regardless the geographical origin, the only NHP species found infected with 2 0 5
Plasmodium was the howler monkey Alouatta g. clamitans (Table 1) . As expected, PCR was 2 0 6 more sensitive than microscopic examination of blood films, that failed to detect Plasmodium in 2 0 7 two infected howlers, one harboring P. simium and another P. brasilianum/malariae (Table 1) .
0 8
These results suggest that infected howler usually display detectable parasitemia despite the 2 0 9 infecting plasmodial species. Trophozoites were the most common visualized blood form, but 2 1 0 schizonts and gametocytes were also detected ( Fig. 2 ). In addition, using PCR we were able to 2 1 1 detect both Plasmodium species in four animals from which only liver and spleen samples were 2 1 2 available. in spleen tissues in a subsample consisting of dead animals. 1 Two out of these six animals had with malarial pigments and white pulp atrophy and (K) detail of malarial pigments in the red 2 2 6 pulp. Only 12 NHPs could be examined from the bordering states of RJ: six of them were 2 2 9
howler monkeys from MG and ES and none was infected by P. simium. One of the four 2 3 0 examined howlers from ES was PCR positive to P. brasilianum/malariae (25%) ( Table 1) .
Regarding RJ, 11 (26.1%) howler monkeys were infected with malaria parasites at the 2 3 2 time of sampling and, among them, 16.7% were infected by P. simium, the causative agent of the 2 3 3 autochthonous human malaria in this state (Tables 1 and 2) . Importantly, specific P. simium SNP 2 3 4
were detected in 100% of these tertian malaria parasite infected howlers. Coincidently, most of 2 3 5 these animals were originated from the coastal slope of Serra do Mar where most human cases 2 3 6
were recorded in the last decade ( simium infection (Tables 1 and 2 ). All samples were negative for P. falciparum parasites. has been never detected. The map was prepared using free software QGIS 2.18. spleen fragments of five out of 13 animals with negative PCR at the time of death and, as 2 5 0 expected, in three with positive PCR (Table 1) . Interestingly, malarial pigment was found in 2 5 1 spleen samples of 50% of howlers found dead in both RJ (6/12) and ES (2/4) displayed malarial 2 5 2 pigment indicating that malaria is frequent in these monkeys from both states. has been never detected (Fig. 3) . Coincidently, in Macaé where the highest number of human 2 5 8
cases was recorded, all howlers found dead had malarial pigments in the spleen, suggesting that 2 5 9 simian malaria is highly enzootic in the county (Table 2) . Plasmodium-positive howlers were found. Histological preparations of spleen fragments showed 2 6 7 malarial pigment in four (50%) of these PCR-negative animals, suggesting previous infection. Teresópolis. NA= viscera non available. described, spatial distribution of P. simium in NHP was matched with local human cases of P. demonstrated in all P. simium infected howlers, regardless geographical origin of malaria foci. Although P. brasilianum/malariae has already been found in captive NHPs from RJ [13], it is 2 7 9 also the first time that this parasite species was recorded in free-living NHPs from Rio de Janeiro 2 8 0 and the widespread distribution of this quartan-malaria parasite and its zoonotic potential in the 2 8 1 state were illustrated. autochthonous human malaria cases in RJ (Fig.2) . Despite efforts, we failed in capturing howlers surface, and the slower displacement (compared to the smaller monkeys) [35] may make them 2 9 3 more exposed to the bites of the mosquito vectors. Importantly, the finding of malarial pigment which Plasmodium-negative by PCR at the time of death, suggest that simian malaria is very 2 9 6 frequent in this species. Indeed, in some areas with the highest numbers of human cases (e.g.
9 7
Macaé), the percentage of howlers exposed to Plasmodium sp reached 66.6% when considering 2 9 8 those with current and past malaria infections. This finding may also suggests that spontaneous 2 9 9
healing from malaria infections may occur in howlers in nature, as described in P. simium The frequency of P. simium infection in free-living howler monkeys in RJ (16.6%) was 3 0 2 higher than that found in the bordering state of SP (5.8%) but lower than that found in the entire Sapajus from the Southeast, whose role as reservoir for the zoonotic malaria in the region is still Brazilian Southeast. All these NHPs were confined in a breeding institution (Center of 3 1 0
Primatology of Rio de Janeiro -CPRJ) located in a cleared area of the enzootic simian malaria 3 1 1 forest in RJ. Therefore, it was suspected that the local ecological conditions favored the 3 1 2 accidental infection of these captive NHPs by parasites carried from infected free-living howlers.
3 1 3
One free living specimen was also found infected by P. simium near CPRJ [28] . There still no 3 1 4 evidence if the parasite DNA found in the blood of these captive animals implies that they really 3 1 5
undergo Plasmodium infections or only bear a transient parasitemia. However, it is important to 3 1 6
continuously monitor the potential role as zoonotic plasmodia reservoir of other local or 3 1 7
introduced NHPs, besides howlers.
3 1 8
Although P. brasilianum has been found in several NHP genera [5, 38, 39] around other 3 1 9
Brazilian regions, previous studies conducted in Brazilian Atlantic forest and Cerrado biomes did In the same way, more than 270 marmosets and lion-tamarins from the Southeast were 16.7%, respectively) in howlers from RJ, and mixed infections were recorded in 18% of 3 2 8
Plasmodium infected ones. P. brasilianum / malariae was the only malaria parasite detected in 3 2 9 howlers from ES (Table 1) . Besides, geographical co-occurrence of these parasites seems to be 3 3 0 frequent in RJ, as it was disclosed in three out of five counties wherein howlers were detected 3 3 1 with malaria parasites (Fig. 2) . Curiously, despite this coincident distribution and similar microscopically and/or molecularly as benign tertian malaria due to P. simium for decades 3 3 5 [1, 4, 5, 7, 21, 40, 41] . In reality, P. simium was only identified by molecular tests and DNAmt to occur also in RJ and in other southeastern states where P. simium has been described. In question that remains to clarify and it is recommended to strengthen malaria surveillance either in residents or visitors of the Atlantic forest to evaluate the zoonotic potential of P. Forest: How much is left, and how is the remaining forest distributed? Implications for 
